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(57) ABSTRACT

An infinitely variable power bypass transmission with two
operating modes for a motor vehicle with a thermal engine,
including: at least two power lines parallel-connecting the
thermal engine with the vehicle wheels and each including a
coupling/decoupling device capable of locking or releasing a
transmission shaft according to the operating mode; a line
including a continuous speed controller; and a mode switch
control device configured to control the coupling/decoupling
devices. The transmission includes a single actuator for the
two coupling/decoupling devices, which is configured to,
when a mode switch occurs, trigger simultaneously the two
modes while locking the two transmission shafts.
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INFINITELY VARIABLE POWER BYPASS
TRANSMISSION WITH TWO OPERATING
MODES FOR A MOTOR VEHICLE

BACKGROUND OF THE INVENTION

The present invention relates to an infinitely variable power
bypass transmission with two operating modes for a motor
vehicle fitted with an internal, combustion engine.

Such a power bypass transmission makes it possible to
obtain a continuous variation from a reverse ratio to a forward
ratio, passing through a particular position called “neutral
engaged”, in which the speed of movement of the vehicle is
zero, for any speed of the internal combustion engine.

There are several types of power bypass transmissions.

According to a first type called “coupled input”, the trans-
mission comprises a pair of power bypass pinions which
bypass the power at the input of the mechanism and a “com-
bining” epicyclic gear train which recombines the powers at
the output of the mechanism. The transmission also com-
prises a speed variator.

In another type called “coupled output”, the transmission
comprises a power dividing epicyclic gear train at the input of
the mechanism and a pair of power combining pinions at the
output of the mechanism. The transmission also comprises a
speed variator.

Finally, power bypass transmissions called “two adapta-
tion points” transmissions are known in which a first power
dividing epicyclic gear train is placed at the input of the
transmission, while a second power combining epicyclic gear
train is mounted at the output of the transmission. There
again, the transmission comprises a speed variator.

An infinitely variable transmission (IVT) uses only one or
two of these three operating principles.

The present invention relates to an infinitely variable trans-
mission using two distinct operating modes and comprising a
mode-changing device making it possible to switch from a
first operating mode to a second operating mode.

It is understood that it is of value to have two operating
modes for one and the same transmission, because that makes
it possible to increase the range of transmission ratios and also
makes it possible to reduce the dimensions of the speed varia-
tor device which may comprise electric machines.

Such bi-mode transmission architectures of known type
however have the disadvantage that the mode changes are
carried out by multi-disk clutches placed at the transmission
output, so that their operation is accompanied by sharp torque
variations that are unpleasantly felt by the users. Another
disadvantage of such a transmission described for example in
U.S. Pat. No. 5,558,589 or in U.S. Pat. No. 5,935,035 lies in
the complexity of the architecture, associated particularly
with the presence of at least two clutches and a brake.

In a previous French patent application FR 02 14 241 in the
name of the applicant, a description was given of an infinitely
variable transmission with two operating modes, of the type
comprising an electric variator and at least two power bypass
lines, a main line whereof connects the internal combustion
engine to the drive wheels, and a secondary line is connected
to the electric variator, so that at least two operating modes
may be applied to the power bypass line of the electric varia-
tor.

The infinitely variable transmission described in this prior
patent application comprises a first composite epicyclic gear
train which makes it possible to connect the internal combus-
tion engine to the wheels of the vehicle along a main power
bypass line and a simple epicyclic gear train which makes it
possible to achieve the power bypass and a second composite
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epicyclic gear train, so as to produce a mode-changing system
between at least two operating modes of the infinitely variable
transmission.

The transmission described in this prior patent application
comprises two coupling/decoupling devices which allow two
transmission shafts to be independently locked or released in
rotation, thereby each time providing one of the operating
modes of the transmission.

During a mode change, the two coupling/decoupling
devices are controlled independently by two actuators which
may be moved by an electric force or a hydraulic force. The
two actuators are controlled so that the two modes are
engaged simultaneously, the aforementioned two shafts of the
transmission being simultaneously locked in rotation.

SUMMARY OF THE INVENTION

The object of the present invention is to simplify this archi-
tecture in order to reduce the space requirement of the trans-
mission and its manufacturing cost.

A further object of the invention is an infinitely variable
transmission with two operating modes, in which the switch
between the two operating modes is carried out in a particu-
larly simple manner.

The infinitely variable power bypass transmission with two
operating modes according to the invention, particularly suit-
able for a motor vehicle fitted with an internal combustion
engine, is of the type comprising:

at least two power lines connecting in parallel the internal

combustion engine to the wheels of the vehicle and each
containing a coupling/decoupling device capable of
locking or releasing a transmission shaft depending on
the operating mode;

a line containing a continuous speed variator;

and a mode-changing control device capable of controlling

the actuation of the coupling/decoupling devices.

The transmission comprises a single actuator for the two
coupling/decoupling devices capable, during a change of
mode, of simultaneously engaging the two modes while lock-
ing the two transmission shafts.

The result of this is a notable simplification relative to the
conventional transmissions of this type in which it was nec-
essary to provide a complex control for two independent
actuators.

The single actuator is preferably of the dog clutch type and
may be driven by a hydraulic force or by an electric force.

The actuator is mounted so that it can be moved in trans-
lation parallel to the two transmission shafts.

In a preferred embodiment, the actuator comprises two sets
of'dog clutch teeth capable of engaging respectively with two
sets of matching dog clutch teeth fixedly attached to the two
transmission shafts.

Preferably, the two sets of dog clutch teeth of the actuator
are axially offset from one another so as to be able to interact
simultaneously with the matching sets of dog clutch teeth of
the two transmission shafts in one position of the actuator and
to be able to interact alternately with one of the matching sets
of dog clutch teeth of the two transmission shafts in other
positions of the actuator.

During a mode change, the two transmission shafts are thus
simply and effectively prevented from rotating simulta-
neously. On the other hand, for each mode, one of the two
shafts is free to rotate while the other is prevented from
rotating.

In an advantageous embodiment of the transmission, the
continuous speed variator is of the electric type.



US 9,085,227 B2

3

Such a speed variator may comprise two traction electric
machines or one traction electric machine and one variator
electric motor, particularly for producing a hybrid power
plant.

The two power lines advantageously each comprise a
power dividing epicyclic gear train of which one member is
connected to one of the coupling/decoupling devices.

A power combining epicyclic gear train is advantageously
mounted at the transmission output. It may comprise an out-
put shaft connected to the wheels of the vehicle, the output
shafts of the power dividing train and of the speed variator
being connected to the input of said combining train.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood on studying an
embodiment taken as a nonlimiting example and illustrated
by the appended drawings in which:

FIG. 1 illustrates schematically the main elements of an
infinitely variable transmission with two operating
modes according to the invention;

FIG. 2 is a graph showing the switch from one operating
mode to another; and

FIGS. 3 to 5 illustrate the various positions of the single
actuator according to one embodiment, the assembly
being seen in schematic and partial section.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates schematically the main elements of an
embodiment of a transmission according to the invention. An
internal combustion engine 1 forms a power plant of a motor
vehicle. The axle of the drive wheels of the vehicle, schema-
tized by the block 2, is the driven element. Between the driven
element 2 and the internal combustion engine 1, an infinitely
variable transmission, reference number 3 in its entirety, is
placed.

The transmission 3 comprises two power lines connecting
in parallel the internal combustion engine 1 to the wheels 2 of
the vehicle. Each of these two power lines comprises a power
dividing epicyclic gear train 4, 5 whereof a secondary shaft 6,
7 may be linked in rotation or released by a coupling/decou-
pling device 8, 9.

The transmission also comprises a power line containing a
continuous speed variator schematized by reference number
10. An epicyclic gear train 11 plays the role of a power
combining element of all the power lines. Accordingly, the
output shaft 12 of the power dividing train 5 and the output
shaft 13 of the speed variator 10 are connected to the input of
the power combining train 11.

The secondary shafts 6, 7 of the two power dividing trains
4, 5 may be mechanically connected to the input shaft 14 of
the speed variator 10 when the coupling/decoupling devices
8, 9 are actuated, so as to couple one or other of the shafts 6,
7 in rotation.

The transmission 3 also comprises a control device 15 for
the mode change, capable of controlling the actuation of the
two coupling/decoupling devices 8, 9, the control lines being
schematized by reference numbers 16 and 17 in FIG. 1. The
control device 15 is also capable of controlling the speed
variator 10 via the connection 18.

The mode-changing control device 15 is capable of con-
trolling, during a mode change, the two coupling/decoupling
devices 8,9 so as to cause the two power transmission modes
to coexist during this period.
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FIG. 2 illustrates via a time diagram, the state of engage-
ment E of the two coupling/decoupling devices 8, 9. The state
of the coupling/decoupling device 8, reference number E, in
FIG. 2, and the state of the coupling/decoupling device 9,
reference number E, in FIG. 2, are complementary between
the times t, and t,, and between the times t, and t;. On the
other hand, between the times t, and t,, the two coupling/
decoupling devices 8, 9 whose respective states are E, and E,,
are simultaneously engaged, thus making it possible to
change mode.

The coupling/decoupling devices 8, 9 may be made in
different ways.

In a preferred embodiment, illustrated in FIGS. 3 t0 5, a
single actuator 19 is provided for the two coupling/decou-
pling devices 8, 9 of FIG. 1. The actuator 19 is of the dog
clutch type and can be moved in translation along the arrow
20, parallel to the axis 21 of the two transmission shafts 6, 7
schematically indicated in FIG. 1. The actuator 19 has a first
set of dog clutch teeth 22 and a second set of dog clutch teeth
23 axially offset relative to the first set. The secondary shaft 6
is fixedly attached to an annular piece 24 which carries a set
of dog clutch teeth 25 matching the dog clutch teeth 22 and
capable of interacting with the latter. In the same manner, the
secondary shaft 7 is fixedly attached to an annular member 26
which carries a set of dog clutch teeth 27 capable of interact-
ing with the dog clutch teeth 23.

It will be noted that, in the example illustrated, the two sets
of dog clutch teeth 22, 23 are mounted inside two annular
members 22a, 23a fixedly attached to the actuator 19. The
two sets of dog clutch teeth 25 and 27 are, for their part, placed
on the outer periphery of the respective annular members 24
and 26.

The actuator device 19 operates as follows.

In FIG. 3, the actuator 19 is in a first position, in which the
dog clutch teeth 22 are engaged with the dog clutch teeth 25.
On the other hand, the dog clutch teeth 23 are completely
disengaged from the dog clutch teeth 27. The annular member
24 fixedly attached to the shaft 6 is therefore prevented from
rotating, while the annular element 26 fixedly attached to the
shaft 7 is free. A rectilinear translation movement, in the
direction of the arrow 20 of FIG. 3, moves the two sets of dog
clutch teeth 22, 23 into the position illustrated in FIG. 4. In
this position, because of the axial offset chosen for the teeth
22 relative to the teeth 23, it can be seen that the dog clutch
teeth 22 are partly engaged with the dog clutch teeth 25, while
the dog clutch teeth 23 are partly engaged with the dog clutch
teeth 27. In this intermediate position, the two shafts 6, 7 are
therefore prevented from rotating by the actuator 19. This
position corresponds to the mode change phase of the trans-
mission. Specifically, the two modes are simultaneously
engaged. A single rectilinear translation movement of the
single actuator 19 therefore makes it possible to switch from
a first mode to a phase of simultaneous engagement of two
modes.

A continuation of the rectilinear translation movement in
the direction of the arrow 20 places the actuator 19 in the
position illustrated in FIG. 5, in which the dog clutch teeth 22
are disengaged from the dog clutch teeth 25, while the dog
clutch teeth 23 are engaged with the dog clutch teeth 27. In
this position, the second transmission mode is therefore
engaged.

The rectilinear translation movement of the single actuator
19 may be obtained by means of an electric linear actuation
device or by the action of a hydraulic force.

Although this example illustrates the use of an actuator
furnished with dog clutch teeth, it will be understood that it
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would be possible to use other types of coupling/decoupling
devices, such as clutches, particularly hydraulically con-
trolled.

In the example illustrated, it has been shown that the single
actuator was prevented from rotating. It will naturally be
understood that the actuator may also be connected to another
shaft of the transmission depending on the chosen kinematics.

The invention claimed is:

1. An infinitely variable power bypass transmission with
two operating modes for a motor vehicle fitted with an inter-
nal combustion engine, comprising:

at least two power lines connecting in parallel the internal
combustion engine to wheels of the vehicle, each power
line including a coupling/decoupling device configured
to lock or release a transmission shaft depending on the
operating mode, and the at least two power lines each
comprise a power dividing epicyclic gear train, and each
power dividing epicyclic gear train is connected to one
of the coupling/decoupling devices;

a line including a continuous speed variator;

a mode-changing control device configured to control
actuation of the coupling/decoupling devices and to
simultaneously engage the two modes while coupling
the two transmission shafts, during a change of mode;
and

a single actuator for the two coupling/decoupling devices.

2. The transmission as claimed in claim 1, wherein the
actuator is a dog clutch.

3. The transmission as claimed in claim 1, wherein the
actuator is driven by a hydraulic force.
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4. The transmission as claimed in claim 1, wherein the
actuator is driven by an electric force.

5. The transmission as claimed in claim 1, wherein the
actuator can be moved in translation parallel to the two trans-
mission shafts.

6. The transmission as claimed in claim 1, wherein the
actuator comprises two sets of dog clutch teeth configured to
engage respectively with two sets of matching dog clutch
teeth fixedly attached to the two transmission shafts.

7. The transmission as claimed in claim 6, wherein the two
sets of dog clutch teeth of the actuator are axially offset from
one another so as to be configured to interact simultaneously
with the matching sets of dog clutch teeth of the two trans-
mission shafts in one position of the actuator and to be con-
figured to interact alternately with one of the matching sets of
dog clutch teeth of the two transmission shafts in other posi-
tions of the actuator.

8. The transmission as claimed in claim 1, wherein the
continuous speed variator is electric.

9. The transmission as claimed in claim 1, further compris-
ing a power combining epicyclic gear train including an out-
put shaft connected to the wheels of the vehicle, the output
shafts of the power dividing trains and of the speed variator
being connected to the input of the power combining epicy-
clic gear train.

10. The transmission as claimed in claim 1, wherein the
mode-changing control device is connected to the two cou-
pling/decoupling devices and the continuous speed variator.
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